An atomic interferometer based on a Young's-type double-slit arrangement has been demonstrated. A supersonic beam of metastable helium atoms passes through a 2-pm-wide slit in a thin gold foil. This transversely coherent beam impinges on a second microfabricated transmission structure, consisting of two 1-pm-wide slits at a lateral distance of 8 pm. This double slit defines two possible paths on which the atoms can reach the detector slit. The good visibility of the observed fringes should make it possible to measure differential phase shifts in the interferometer of -, rad in less than 10 min. 
supersonic beam of metastable helium atoms passes through a 2-pm-wide slit in a thin gold foil. This transversely coherent beam impinges on a second microfabricated transmission structure, consisting of two 1-pm-wide slits at a lateral distance of 8 pm. This double slit defines two possible paths on which the atoms can reach the detector slit. The good visibility of the observed fringes should make it possible to measure differential phase shifts in the interferometer of -, rad in less than 10 min. ' The construction of an interferometer for atoms is rendered difficult by the fact that atoms carry no charge like electrons and cannot penetrate through condensed matter like neutrons. Therefore novel techniques are required to provide coherent beam splitters for atomic waves. In the last few years, diA'erent proposals were published on how to realize an atomic interferometer.
In this Letter, we present probably the simplest configuration in which the atoms cover two spatially well separated paths: the quantum-mechanical analog to Young s double-slit interferometer in classical optics (see Fig. I ), which has already been demonstrated for electrons and neutrons.
In our arrangement, the slits are mechanical transmission structures with widths in the micrometer range. As atomic species we used metastable helium atoms: The helium atom has a low mass which leads to a large de Fig. 4(b) we find a visibility V (Ref. 9) of the fringes greater than 60%, if we subtract the detector background. The diff'erence from the expected value of V=80% could be due to a small misalignment of the three transmission structures or to small-angle collisions of the atoms with the background gas in the vacuum chamber (background pressure p=5
x 10 mbar). Since these incoherent processes destroy the phase information between the two paths, this would cause a broad unstructured background signal. Because of the long integration times and a slow thermal drift inside the beam machine, it was not possible with the actual beam intensity to monitor the whole interference pattern in one scan. Nevertheless, the scans displayed in Fig. 4 cover a suSciently large part of the atomic density distribution, so that the presence of an interference pattern is clearly demonstrated.
Instead of using a single slit, a grating can be inserted to monitor the intensity distribution.
If the grating period and the period of atomic interference pattern coincide, the signal at the detector is maximum when the slits are at positions of the intensity maxima, and a minimum signal occurs when the grating is displaced by half a grating period. Scanning the interference structure with the grating yields an interference picture similar to the one obtained with a single slit in the detector plane [ Fig. 4(b) ], but with a much higher count rate.
For our experimental geometry, the grating period of 8 pm was chosen so that it matched the period of the interference pattern at L'=64 cm for Ada=1. 03 A. The slits are approximately 4 pm wide, resulting in a grating transmission of 50%. Monitoring the interference pattern with the grating is of interest for applications of this interferometer where only the relative phase between the two difIerent paths and not the actual shape of the interference pattern is important. Figure 5 shows a typical result of an experimental run with the 8-pm grating in the detector plane and a wavelength of Ada=1. 03 A.
The average distance between two maxima is determined to be 7.7%-0.5 pm, which diff'ers from the theoretical value by about 5% and is within the limited accuracy of We are indebted to T. Sleator for stimulating discus-
